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Abstract
We investigated the dynamic relationships between tax structures and eco-
nomic growth in Japan by means of a vector error correction model (VECM), 
under the assumption of tax revenue neutrality (see Shinohara (2014b)). This 
paper examines the relationship between local tax structures and regional eco-
nomic growth on the base of Shinohara (2014b): assuming tax revenue neutrali-
ty, we examine the effects of local tax structures on regional economic growth 
for the case of the Tokyo Metropolitan Area from 1960 onward.
Key words: Economic growth; Local Tax Structure; Fiscal policy; Vector Error 
Correction Model; Tokyo Metropolitan Area.
Introduction
We can identify the following characteristics in the researches regarding tax 
structures and economic growth1). First, many preceding studies have been in-
ternational panel analyses that used cross-country panel data. In addition, al-
though some studies have investigated developing countries as an object in 
their analysis, nearly all have targeted OECD countries. Second, preceding 
growth regression models can be broadly classified into two categories accord-
ing to whether they impose government budget constraints or not. Analyses 
that assume governmental budget constraints can be further divided into three 
categories: (1) analyses that consider tax revenue neutrality, (2) analyses that 
consider revenue neutrality (taking into account tax revenue and public bond 
revenue), and (3) analyses that consider revenues and expenditures simultane-
ously. Third, analyses have started to develop in the direction of distinguishing 
between the short-term and long-term effects of fiscal policy on economic 
growth. Accompanying this trend, estimation methods are starting to shift 
from pooling regression and fixed effects estimation towards pooled mean 
group (PMG) estimation, a panel data error correction model.
 ＊ This research was supported by the Grant for Special Research at Chuo University. 
 1) See Shinohara (2014a).
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These preceding analyses using cross-country panel data simply amount to 
depictions of global averages. It is essential to examine whether analyses of 
specific countries can obtain similar results2). To address this gap in the litera-
ture, we investigated the dynamic relationships between tax structures and 
economic growth in Japan by means of a vector error correction model 
(VECM), under the assumption of tax revenue neutrality3).
This paper is based on a similar theoretical model to Shinohara (2014b): as-
suming tax revenue neutrality, we examine the effects of local tax structure on 
regional economic growth for the case of the Tokyo Metropolitan Area from 
1960 onward. Miller and Russek (1997) performed a representative study that 
analyzed the effects of local taxes on regional economic growth. That study set 
its dependent (explained) variable as the real economic growth rate per capita 
of state residents, and included not only local taxes but also subsidies and local 
expenditures as its independent (explanatory) variables. However, they did not 
analyze the effects of tax structure on regional economic growth under tax-rev-
enue-neutral conditions.
　The paper is organized as follows. First, we review trends in the tax struc-
ture and in economic growth for the Tokyo Metropolitan Area from 1960 on-
ward. Next, we describe our analytic method in terms of our theoretical model 
and data used. We go on to summarize the estimation results, and then com-
pare them with the results of preceding studies.
I. Changes in the tax structure and in economic growth in the Tokyo 
Metropolitan Area
1. Tax burden ratio
The tax burden ratio in the Tokyo Metropolitan Area in 2010 was 13.5%. Tax 
burden ratio changes from 1960 onward appear in Figure 1.
2. Tax system
(1) Classification of tax revenues by source
① Classification method
We first sort the component taxes of the tax structure: income taxes, consumption 
taxes (specific consumption taxes, general consumption taxes), and property taxes 
(asset holding taxes, asset transfer taxes). Table 1 shows the classification of the tax 
system in the Tokyo Metropolitan Area according to the categories of Shinohara 
(2014b). The table supposes that individuals and corporations split the tax burden of 
the interest levy on prefectural inhabitant tax equally.
 2) See Arnold (2008), p.19 and Myles (2009), p.52.
 3) See Shinohara (2014b).
103Masahiro SHINOHARA
② Trends in the tax system
Figure 2 depicts the changes in the tax system of the Tokyo Metropolitan 
Area from 1960 onward. In 1960, income taxes accounted for 59.4% of total tax, 
consumption taxes for 18.8%, property taxes for 21.8%, and other taxes for 
0.0%. The contribution of income taxes gradually increased thereafter, reaching 
75.3% in 1990. However, it exhibits a decreasing trend from the 1990s onward: 
with the institution of the local consumption tax in 1997, it dropped to 44.0% in 
1999. In the first half of the 2000s, it rised due to moderate economic recovery, 
but again followed a decreasing trend in the second half of the 2000s due to the 
impact of the 2008 global financial crisis.
The contribution of consumption taxes exhibited a decreasing trend from 
1960 onward, but rised from 1997 with the introduction of the local consump-
tion tax. It decreased in the first half of the 2000s, but the trend fliped to in-
crease in the second half. The contribution of property taxes has been stable 
through the 1980s, but the smaller contributions of income taxes and consump-
tion taxes caused it to rise in the 1990s. The first half of the 2000s showed a 
decreasing trend, while the second half exhibited an increasing trend.
(2) Direct-Indirect Taxes Ratio
Past trends in the ratio between indirect and direct taxes are seen in Figure 
3. As a result of the radical tax reforms of 1988, direct-indirect taxes ratio rises 
due to the abolishment of a fraction of specific consumption taxes (local enter-
tainment tax, food and drink consumption tax, etc.). It dropped in 1997 due to the 
introduction of the local consumption tax, and then is stable from 1998 onward.
3. Economic Growth Rate
Figure 4 shows the real economic growth rate per capita of labor force popula-
tion of the metropolitan area from 1960 onward.
II. Analysis Method
1. Model
Widmalm (2001) used the regression model shown in Equation (1) to analyze 
panel data from 23 OECD countries. Y is the real economic growth rate per 
capita of population, while NTV stands for non-tax variables and TV for tax 
variables. The time-series analysis that we perform here using data from Japan 
was fundamentally based on this model.
Y=β0+β1NTV+β2TV+ε      (1)
We consider tax burden (i.e., tax burden ratio) and tax structure as the tax 
variables in Equation (1). We assume tax revenue neutrality in the tax structure: 
i.e., adding together the contributions of each tax to total tax revenue equals 1.
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To consider what to select as non-tax variables, we suppose the production 
function shown in Equation (2), following Mankiw et al. (1992). Y is output, K is 
physical capital, L is labor, H is human capital, A is technology level, and AL is 
effective labor. In addition, we assume α+β＜1.
Yt=Kt
αHt
β（AtLt）1－α－β       (2)
Substituting y=Y/AL, k=K/AL, and h=H/AL yields 
y=kαhβ        (3)
We can derive Equation (4) via the relation k=K/AL. K
・
/K is the growth rate 
of physical capital, A
・
/A is the rate of technological progress, and L
・
/L is the la-
bor force population growth rate.
k
・
 
k
＝K
・
 
K
－A
・
 
A
－L
・
 
L
       (4)
Here, by assuming that the investment rate of physical capital sk and that its 
depreciation rate is δ, we obtain the relation K
・
=skY－δK. By introducing this 
into Equation (4) and substituting k
・
=0, we can derive Equation (5), which shows 
k* in a stationary state. A
・
/A=g and L
・
/L=n based on the relations L(t)=L(0)ent 
and A(t)=A(0)egt.
k*=
sk 
n+g+δ
y*       (5)
Furthermore, h
・
/h=H
・
/H－A
・
/A－L
・
/L given h=H/AL. We obtain the relation 
H
・
=shY－δH by assuming that the investment rate of human capital is sh and 
that its depreciation rate is δ (similar to physical capital). Therefore, h* in a sta-
tionary state can be expressed by Equation (6).
h*=
sh 
n+g+δ
y*       (6)
Based on Equations (5) and (6):
k
 
sk
=
h
 
sh
        (7)
Using Equation (7), we can express k* and h* as Equation (8).
k*=（ sk
1－βsh
β
 
n+g+δ）
1 1－α－β
h*=（ sk
αsh
1－α
 
n+g+δ）
1 1－α－β       (8)
Substituting Equation (8) into Equation (3), taking the natural logarithm of both 
sides, and re-arranging yields the stationary-state output y*.
1ny*=
α
 
1－α－β
1nsk+
β
 
1－α－β
1nsh－
α+β
 
1－α－β
1n(n+g+δ)
  
(9)
Here, based on the relations y=Y/AL and A(t)=A(0)egt, Equation (10) shows the 
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output per capita of labor force population.
1n Y 
L
=1nA(0)+gt+
α
 
1－α－β
1nsk+
β
 
1－α－β
1nsh－
α
 
1－α－β
1n(n+g+δ) (10)
Assuming 1n(n+g+δ)≈n and taking the difference with respect to Equation (10) 
yields
Δ1n Y 
L
=g+
α
 
1－α－β
Δ1nsk+
β
 
1－α－β
Δ1nsh－
α
 
1－α－β
Δn  (11)
The logarithmic difference is almost equal to the rate of change of the origi-
nal values: as a result, the real growth rate per capita of labor force population 
is dependent on the rate of technological progress (g), on the rate of change of 
physical capital investment rate (sk), on the rate of change of human capital 
investment rate (sh), and on changes in labor force population growth rate (n). 
Therefore, while taking into account sample size, we decided to select rate of 
change of physical capital investment rate, rate of change of human capital 
investment rate, and labor force population growth rate as non-tax variables in 
Equation (1). We adopted real economic growth rate per capita of labor force 
population as an indicator of economic growth, following the theoretical model 
shown in Equation (11).
A time-series analysis assumes that variables are stationary, and that they 
lack unit roots. Spurious regressions due to phenomena such as (1) high 
coefficients of determination, (2) low Durbin–Watson ratios, and (3) high t-values 
are known to arise in regression analyses using variables that have unit roots 
(i.e., whose data series is non-stationary). Accordingly, we first performed unit 
root tests. Furthermore, we performed cointegration tests in order to check 
whether or not non-stationary variables having a unit root possess long-run 
equilibrium relationships.
In the event that no variable has a unit root, we estimate using a stationary 
vector auto-regression model (VARM). However, many economic variables are 
considered to have unit roots. We estimate a VECM for cases where each 
variable has a unit root and a cointegration relationship is established, and a 
difference VARM for cases where each variable has a unit root and a 
cointegration relationship is not established. Multicollinearity relationships 
frequently occur in VARMs and VECMs, but it is possible to make predictions 
using their results: economic interpretations of the model are informed by 
causality testing, impulse response functions, and variance decomposition of 
prediction error4).
 4）See Matsuura and McKenzie (2012), pp. 229–230.
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2. Data
(1) Sources of Statistics Used
Table 2 shows the sources of the data used in estimations. Tax variables 
were taken from The Annual Report of Local Finances (Ministry of Internal 
Affairs and Communications (Ministry of Home Affairs)). Prefectural income, 
which is necessary when estimating tax burden ratio, was taken from National 
Economic Calculations, Confirmed Data (Cabinet Office). Our classification of 
indirect taxes and direct taxes follows Reference Data on Local Taxes (Ministry 
of Internal Affairs and Communications, Local Tax Bureau).
As for non-tax variables, we assessed economic growth rate by converting 
prefectural gross production data from Prefectural Economic Calculations 
(Cabinet Office) to real values using the deflator provided in National Economic 
Calculations, Confirmed Data (Cabinet Office). We took physical capital from 
Prefectural Economic Calculations (Cabinet Office), and human capital (gross 
education expenditures, elementary/secondary education expenditures) from 
The Annual Report of Local Finances (Ministry of Internal Affairs and 
Communications (Ministry of Home Affairs)). Labor force population was 
determined by multiplying the population aged 15 years and older (Tokyo 
Statistical Yearbook, Tokyo Metropolitan Area) by labor force participation rate 
(Labor Force Survey: Long-Term Time Series Data, Ministry of Internal Affairs 
and Communications, Bureau of Statistics).
(2) Descriptive Statistics
Descriptive statistics of the data are as shown in Table 3.
III. Estimation Results
１.Unit Root Tests
The Augmented Dickey–Fuller (ADF) test and the Phillips–Peron (PP) test 
were conducted as unit root tests.
The results are as shown in Table 4. Real economic growth rate per capita 
of labor force population (gr1), rate of change of physical capital investment 
rate (gfcf), rate of change of human capital investment rate (gross education 
expenditures; hc), rate of change of human capital investment rate (elementary/
secondary education expenditures; hc1), and changes in labor force population 
growth rate (lfpgrowth) are stationary processes: i.e., I(0). Other variables are 
I(1).
2. Cointegration Tests
The results of cointegration tests are shown in Table 5. Twenty VARMs 
(Estimating Equations 1–20) form the subject of analysis. c (constant term) is an 
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exogenous variable. The first step of the analysis procedure is, for VARMs of 
lag order 1–4, to select the lag that minimizes the Akaike Information Criteria 
(AIC). The Johansen test is then performed assuming the lag thus selected, 
with a critical value of 5%. This test can classify models into five cases 
depending on how it treats the trend term and constant term, but the three 
cases below are typical:
　①  Data does not contain a definitive trend; cointegration equation includes 
a constant term.　
　②  Data contains a linear trend; cointegration equation includes only a 
constant term.
　③  Data contains a linear trend; cointegration equation includes a constant 
term and a linear trend.
We performed the trace test and the maximum eigenvalue test for the three 
cases above. We selected the cases that minimized the AIC among the trace 
test results deemed robust5).
3. Impulse Response Functions
We estimate VARMs and VECMs assuming the lags and cointegration 
numbers selected above, and measure their impulse response functions from 
the results. The impulse response function in this case is a generalized impulse 
response function unaffected by the order of the variables. A prerequisite of 
VARMs and VECMs is that the error term must follow a normal distribution. 
Table 6 shows the results of Jarque–Bera tests. Estimating Equations 7, 8, 9, 
11, 12, 14, 16, 19, and 20 satisfy this condition (i.e., the null hypothesis: that the 
error term follows a normal distribution: cannot be rejected at 5% significance). 
The analysis results below regard those estimating equations that satisfied this 
condition.
Figure 5 shows changes in the accumulated response of real economic 
growth rate per capita of labor force population (gr1) after the error term for 
each independent variable is given a shock of one positive standard deviation.
We can now observe the relationships between real economic growth rate 
per capita of labor force population and non-tax variables, detailed below.
　①  Between it and rate of change of physical capital investment rate, both 
positive and negative relationships can be observed depending on the 
combination of variables (positive: Estimating Equations 7, 8, 9, 11, 12, 
and 20; negative: Estimating Equations 14, 16, and 19). However, the 
negative effects for Estimating Equation 14 are extremely small, and 
 5）Based on the results of Monte Carlo experiments, the trace test is considered more robust than the 
maximum eigenvalue test. See Minotani (2007), p. 710.
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the effects in the initial period are even positive for Estimating Equa-
tions 16 and 19.
　②  Between it and rate of change of human capital investment rate, negative 
relationships can be seen for gross educational expenditures(hc) 
(Estimating Equations 7, 9, 11, and 19) as well as for elementary/
secondary educational expenditures (Estimating Equations 8, 12, 14, 16, 
and 20). A few findings have been identified regarding the relationship 
between government education expenditures and growth rate: (1) the 
statistical significance of the effects of total government education ex-
penditures on economic growth vary among studies; and (2) elementa-
ry/secondary education expenditures have a positive effect on economic 
growth, but expenditures on tertiary education have a negative effect6). 
However, we failed to observe positive effects of elementary/secondary 
education expenditures on economic growth in the Tokyo Metropolitan 
Area.
　③  Between it and change in labor force population growth rate, there is 
always a negative relationship.
Furthermore, the following relationships can be seen between real economic 
growth rate per capita of labor force population and tax variables under tax 
revenue neutral conditions:
　①  Real economic growth rate has a negative relationship with tax burden 
ratio in all estimating equations analyzed except for Estimating 
Equation 7.
　②  Raising individual income taxes promotes economic growth (Estimating 
Equations 7 and 8).
　③  Raising corporate income taxes promotes economic growth (Estimating 
Equations 7 and 8).
　④  Raising consumption taxes has a negative effect on economic growth 
(Estimating Equations 9, 11, and 12).
　⑤  Raising property taxes has a positive effect on economic growth 
(Estimating Equation 14).
　⑥  Raising recurrent real estate taxes has a positive effect on economic 
growth (Estimating Equation 16).
　⑦  Lowering income taxes while raising consumption taxes and property 
taxes has a negative effect on economic growth (Estimating Equations 
19 and 20).
 6）See Sototani (1998).
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Conclusion
The findings below have been raised in theoretical research on the relationships 
between tax structures and economic growth7):
　①  Consumption taxes and property taxes impede economic growth less 
than income taxes do.
　②  Corporate income taxes restrict economic growth the most because 
they restrict business activities.
　③  Recurrent real estate taxes have the smallest economic growth-restricting 
effects.
Arnold (2008) supported the results of theoretical works above. If we 
compare the results of our analysis here with those of Arnold (2008), we can 
broadly identify the following matters.
First, we raise the following points of commonality: (1) raising property taxes 
has a positive effect on economic growth; and (2) raising recurrent real estate 
taxes has a positive effect on economic growth. These results are consistent 
with the results of theoretical analysis. However, the first finding differs from 
Shinohara (2014b) . We believe this to be attributable to the 60% increase in 
property taxes in the Tokyo Metropolitan Area (51-year mean value) mostly 
taking the form of recurrent real estate taxes on land and buildings.
We can identify the following as points of discrepancy: (1) raising individual 
income taxes promotes economic growth; (2) raising corporate income taxes 
promotes economic growth; (3) raising consumption taxes has a negative effect 
on economic growth; and (4) lowering income taxes while raising consumption 
taxes and property taxes has a negative effect on economic growth.
Regarding the point that increasing individual income taxes promote eco-
nomic growth, Shinohara (2014b) obtained similar results. Recent research on 
income distribution and economic growth has demonstrated that correcting in-
come disparities by means of taxes and social security expenditures leads to 
promotion of economic growth8).
Regarding corporate income taxes, we may have failed to accurately 
estimate corporate income taxes due to data-related limitations. First, corporate 
inhabitant tax (in both prefectural inhabitant tax and municipality inhabitant 
tax forms) consists of a per-capita levy and an income levy calculated based on 
national corporation tax: the former is determined according to the amount of 
stated capital, and so strictly speaking it should be excluded from calculations 
of corporate income tax. However, data on the share of corporate per-capita 
 7）For examples, see OECD (2010) and Arnold et al. (2011), pp. 70-71.
 8）For an example, see Cingano (2014).
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levies within prefectural inhabitant tax have only been published since 1969 in 
The Annual Report of Local Finances (Ministry of Home Affairs & Ministry of 
Internal Affairs and Communications). Therefore, we were unable to exclude 
the per-capita levy from the corporate income tax data9). Second, regarding 
corporate enterprise taxes, pro-forma standard taxation (consisting of added-
value component and capital component) in addition to an income levy has 
been implemented since 2004. However, we were unable to separate the tax 
amount of the income levy from the tax amount of the pro-forma standard tax.
Consumption taxes are invariant with regard to whether we choose current 
consumption or future consumption, and do not inhibit savings like income 
taxes. However, rises in the prices of consumer goods lower the real 
remuneration of labor, and inhibit the supply of labor. The results in the 
present paper indicate that the growth-inhibiting effects of consumption taxes 
exceeded their growth-promoting effects.
We investigated the effects of local tax structures on regional economic 
growth for the Tokyo Metropolitan Area using VECMs. Future studies should 
perform panel analyses at the prefectural level, without restricting analysis to 
the Tokyo Metropolitan Area.
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